Objective: Transfusion is a key treatment for patients with hemorrhage. Early massive transfusion (EMT) is defined as transfusion of 10 or more units of red blood cells (RBC) within the first 6 hours. We attempted to determine whether metabolic markers can be used as predictors for EMT. Method: We retrospectively reviewed outcomes in 71 patients who visited the emergency department within 12 hours after trauma and received at least 1 unit of RBC within 24 hours between January 2008 and June 2010. Results: Of the 71 patients, 54 were male and 17 were female; their mean age was 50.3±17.7 years. Of these, 15 required EMT and 56 did not; these patients received 17.7±13.1 and 2.8±2.3 units of RBCs, respectively. There were significant differences between EMT and non-EMT groups in injury severity score (ISS; p=0.001), systolic blood pressure (SBP; p=0.010), base deficit (p=0.003), and lactate concentration (p=0.001). Logistic regression analysis showed that SBP <90 mmHg (odds ratio [OR] 11.71, 95% CI 1.83-74.77, p=0.009), ISS ≥25 (OR 23.39, 95% CI 1.87-293.23, p=0.015), and lactate ≥3.5 mmol/L (OR 6.99, 95% CI 1.10-44.33, p=0.039) were significant predictors of EMT. The area under the curve for ≥3.5 mmol/L lactate was 0.79 (p=0.001), with a sensitivity of 76.7% and a specificity of 67.8%. The 30-day mortality rate was significantly higher in patients with lactate ≥3.5 mmol/L than in those with lactate <3.5 mmol/L (p=0.002).
Introduction
Trauma is the leading cause of individual morbidity and mortality worldwide. The World Health Organization estimated that more than 5 million people died due to traumatic injury in the year 2000, accounting for 9% of deaths worldwide. 1 Regardless of the mechanism of injury, injury-induced haemorrhage is the second leading cause of early traumatic deaths next to traumatic brain injury. 2 Haemorrhage is the most common cause of prehospital deaths and accounts for 30% to 50% of trauma deaths. 2, 3 Moreover, traumatic death due to haemorrhage is not decreased by improving trauma care systems. 4 In haemorrhagic patients, rapid restoration of adequate blood volume is the first priority, consisting of control of bleeding and limitation of blood loss. 5 Massive transfusion (MT) has been defined as the administration of at least 10 units of red blood cells (RBCs) within 24 hours. 5, 6 Predictors of massive haemorrhage include vital signs, urine output, mental status, and haematocrit. 5, 7 Metabolic markers, such as lactic acid and base deficits, may also predict massive haemorrhage. 8 Many patients with early hypotension and low initial haematocrit demonstrate massive haemorrhage, 9 but classic physiologic responses to haemorrhage, including blood pressure, heart rate and initial and final haematocrit, failed to predict massive haemorrhage or estimated blood loss. 10, 11 Because hypotension occurs in 30-40% of individuals with blood loss, 7,12 physicians frequently overlook the likelihood of massive bleeding and delay restoration and control of blood loss.
Although MT is defined within 24 hours, the first 6 hours after admission is now considered critical. 5, 13 Thus, early massive transfusion (EMT) of RBCs is defined as the transfusion of 10 units or more within the first 6 hours after admission. 6 We hypothesised that lactate would be a good predictor for traumatic bleeding patients and the need of EMT.
Methods
The present study was approved by the institutional review board and informed consent was waived because no additional intervention was performed. We retrospectively evaluated all adult trauma patients who were taken to the emergency department (ED) within 12 hours of trauma between January 2008 and June 2010 and received at least 1 unit of RBCs within 24 hours after admission. Patients <18 or >90 years of age; those who received RBC transfusions at another hospital before transfer; those who had arrested or undetermined vital signs on arrival; those who were transferred to another hospital within 12 hours after admission and those with haematologic diseases were excluded.
Arterial blood chemistry, such as base deficit (BD), lactate and pH, was analysed with GEM premier 3000 (Instrumentation Laboratory, Lexington, MA, USA) within a few minutes at the point-of-care in the emergency department.
Patients who met the enrollment criteria were divided into two groups, with and without EMT. Initial systolic blood pressure (SBP), heart rate (HR), pH, base deficit, arterial lactate and injury severity score (ISS) based on the final diagnosis were compared between the EMT and non-EMT group.
Data are expressed as mean ± standard deviation (SD). Continuous variables were compared using the Mann-Whitney U test and categorical variables using the chi ≥3.5 0.79 p =0.001 76.7 67.8 ≥3. 5 30 <3.5 p=0.002 EMT Keywords: Acidosis, blood transfusion, lactic acid, metabolic marker, predictive value of tests square and Fischer's exact tests. Youden's index was used to detect the best cut-off values for sensitivity and specificity. Variables with p<0.05 in univariate analysis were entered in multivariable logistic regression analysis to identify predictors of EMT. We calculated the adjusted odd ratio (OR) with 95% confidence interval (CI) for independent predictors of EMT. All statistical tests were 2-sided with significance set at 0.05. All statistical analyses were performed using SPSS version 12.0 (SPSS, Inc., Chicago, IL).
Results
A total of 71 patients met the inclusion criteria. Of these, 54 (76.1%) were male and mean age was 50.3±17.7 years. Sixty-nine patients (97.2%) sustained blunt traumas, including motor vehicle crashes, falls, and collisions, and 2 had penetrating injury. The mean time interval from the scene to ED arrival was 2.0±2.5 hours, and the mean ISS was 28.2±15.2.
Of the 71 patients, 15 (21.1%) received EMT and 56 (78.9%) received at least 1 but less than 10 units of RBCs. There were no significant between-group differences in age, gender, time to arrival from the scene and mechanism of injury. ISS was significantly higher in the EMT than in the non-EMT group (38.6±13.9 vs 25.4±14.5, p=0.001). Initial vital signs were more unstable in the EMT group, with these patients having significantly lower SBP (98.1±36.4 mmHg vs 116.3±27.7 mmHg, p=0.010) and higher HR (103.7±29.1 beat per minute vs 88.2± 24.5 beat per minute, p=0.057). On admission, haemoglobin concentrations and pH were similar between the two groups ( Table 1) .
Some metabolic markers showed significant betweengroup differences. BD was significantly lower (-7.70± 5.66 mmeq/L vs -3.25±3.91 mmeq/L, p=0.003) and lactate was significantly higher (5.93±3.02 mmol/L vs 3.25±2.20 mmol/L, p=0.001) in the EMT than in the non-EMT group.
The mean number of RBCs transfused within 6 hours of admission was significantly higher in the EMT than in the non-EMT group ( Univariate analyses of the association of SBP, ISS, BD, and lactate with EMT, using the receiver operating characteristic (ROC) curves, showed that the areas under the curve were 0.717 (95% CI 0.546-0.887, p=0.010), 0.785 (95% CI 0.671-0.898, p=0.001), 0.755 (95% CI 0.602-0.909, p=0.003), and 0.790 (95% CI 0.661-0.920, p=0.001), respectively (Figure 1 ).
To identify the predictive value, we categorised patients by SBP (≤vs >90 mmHg), ISS (≤vs >25), BD (≤vs >7.0 mmeq/L) and lactate (≤vs >3.5 mmol/L), with the cut-off values of BD and lactate determined based on the results of this study. Maximum combinations of sensitivity and specificity were observed using a BD cut-off of 7.0 mmeq/L, with a sensitivity of 81.3% and a specificity of 60%, and a lactate cut-off of 3.5 mmol/L with a sensitivity of 76.7% and a specificity of 67.8%. Multivariate logistic regression analysis showed that ISS ≥25 (OR 23.39, 95% CI 1.866-293.232, p=0.015), SBP <90 mmHg (OR 11.705, 95% CI 1.832-74.773, p=0.009) and lactate ≥3.5 mmol/L (OR 6.986, 95% CI 1.101-44.333, p=0.039) were significant predictive factors of EMT, but BD was not ( Table 2 ).
Discussion
Despite the development of trauma care systems, haemorrhage is still a major cause of early traumatic death. Following bleeding control and initial resuscitation, the combination of hypothermia, coagulopathy, and acidosis (also called the lethal triad) increases the rate of poor outcomes in initial survivors. The strategy to prevent or minimised complications of massive bleeding and transfusion is called damage control resuscitation. 14, 15 Tissue injury, along with inflammatory and coagulation cascades activated by massive haemorrhage and transfusion, lead to multiorgan failure (MOF). 16, 17 Blood loss impairs cellmediated immunity and increases susceptibility to infection in animal models. 18, 19 Moreover, hypoperfusion decreases O 2 delivery to end organs, causing damage at the cellular level and end-organ dysfunction. 20 Haemorrhage is not only a cause of early traumatic death, but also a major cause of late death and an independent risk factor for MOF. Early diagnosis and treatment have been shown to decrease MOF and mortality rates. 21, 22 Early recognition is essential for early treatment in traumatic bleeding patients. Shock is most simply defined as inadequate tissue perfusion. However, in the early phase of bleeding, identification of tissue hypoperfusion is often challenging, as the body will immediately engage in compensatory mechanisms designed to prevent cardiovascular collapse. For clinicians, recognising this compensatory phase of shock is essential to early diagnosis and management.
Traditional indicators of haemorrhagic shock include hypotension, tachycardia, tachypnea, altered mental status, and haematocrit, but the reliability of vital signs is unclear. 10, 11 Hypotension, defined as a SBP <90 mmHg, occurs in more than 40% of patients with major blood loss. 7, 12 Initially stable vital signs are sustained by compensatory mechanisms, delaying the recognition of massive bleeding.
Haematocrit is an important indicator of bleeding, and a decreasing haematocrit level indicates ongoing bleeding and trauma severity. 9 After bleeding, however, plasma refilling is slow, about 90 to 120 ml per hour, with redistribution requiring 30 hours. 23 Moreover, the confounding effect of resuscitative fluid infusion limits the diagnostic value of haematocrit. Therefore, haematocrit is not regarded as a marker of the initial phase of bleeding. 10, 24 Metabolic markers can be used for early detection of bleeding. Tissue hypoperfusion from massive haemorrhage causes anaerobic metabolism, resulting in lactic acidosis and increased BD. 8 Lactate and BD were reported to be important indicators of transfusion requirement and predictors of MOF. 25, 26 Lactate, which is a product of anaerobic glycolysis, is an indirect marker of haemorrhagic shock.
Though it is well-known that the initial lactate level is associated with outcome, recent studies give weight to lactate clearance. Lactate clearance means serial change in a time interval. It has good correlation with outcomes including mortality in sepsis, 27 acute cardiovascular failure, 28 and postoperative condition. 29 Lactate clearance was suggested as a predictor for infectious complication in trauma patients. 30 We thought that lactate clearance could also be a good predictor for outcomes in trauma patients. But in situation demanding immediate diagnosis of bleeding, measuring lactate clearance may not be appropriate and the initial lactate level will be more applicative. Early identification of EMT with lactate level can facilitate not only early bleeding control but also prompt damage control resuscitation with platelet and fresh frozen plasma, which prevent coagulopathy and following complications. Multivariate analysis showed that BD was not predictive of the need for EMT, although BD tended to increase with the RBC units transfused.
In recent years, several predictive models and guidelines for predicting need of massive transfusion were derived. The three most common scores includes: Trauma-Associated Severe Haemorrhage (TASH) score; Assessment of Blood Consumption Score (ABC) and the Rainer's score which were derived from researchers in Germany, the United States of America and Hong Kong respectively. [31] [32] [33] According to a validation study done by Poon et al; all three scores worked very well with accuracy up to 95-97%. 34 However, lactate was not included by all three scores. One possible reason is that lactate level is not immediately available in most centres. Further study should be done to address Figure 1 . Receiver operating characteristic curves for predicting early massive transfusion with initial data. SBP: systolic blood pressure; ISS: injury severity score; BD: base deficit. 
Limitations
The present study had several limitations. Firstly, this was a single-centre retrospective study with a limited number of patients. EMT is not common, even among trauma patients. Moreover, many patients were excluded because they were referred after transfusion. Though BD has been widely accepted as a predictive factor of massive transfusion, it was not a significant predictor in our study. This discrepancy could be related to the limitation of our study and we would not dismiss BD in predicting massive transfusion. Secondly, a consistent protocol was not applied. Another limitation was that many patients were not transported directly to our hospital. The scene to hospital arrival time was more than one hour that might have affected the outcome of these patients though there has been no definite evidence on the relationship between transport time and EMT. To resolve these problems, large, multicentre studies are required to establish the predictive value of metabolic markers for EMT.
Conclusions
In conclusion, this study indicates that lactate is an independent predictor of the need for EMT. Restoration of blood volume and bleeding control are key elements of treatment in patients with massive haemorrhage and are even more crucial in patients who require EMT. Early recognition leads to prompt treatment. Lactate should be measured during the initial phases of trauma resuscitation as it may predict massive haemorrhage before clinically obvious hypovolaemic shock.
